Introduction
Lomefloxacin, 1-ethyl-6,8-difluoro-1,4-dihydro-7-(3-methyl-1-piperazinyl)-4-oxo-3-quinoline carboxylic acid, is a synthetic broad-spectrum antibacterial drug belonging to fluoroquinoline's family. It is extensively used because of its strong and prolonged antibacterial activity.
Therefore, the determination of lomefloxacin in capsules, injections and blood samples requires a simple, quick and sensitive analytical method. A number of analytical procedures for the quantitative determination of lomefloxacin, for example UV/vis spectrophotometry, 1 spectrofluorometry, 2 flow injection analysis (FIA), 3 capillary electrophoresis 4 , sensitized fluorometry (SF), 5 micellar electrokinetic capillary chromatography (MEKC), 6 high-performance liquid chromatography 8 and others, have been proposed. However, polarographic or voltammetric methods of lomefloxacin have not been found in the literature, although the ion-selective electrode (ISE) 8 for the determination of lomefloxacin, another electrochemical method, has appeared.
Using the polarographic catalytic wave is a usefully analytical technique and has been widely applied to the determinations of inorganic elements. The parallel catalytic waves of transition metal ions, the catalytic hydrogen waves of platinum-group elements and the adsorption waves of complexes of rare earth ions have been well known. Recently, studies on polarographic catalytic waves have been extended to the organic compound field. New systems of polarographic catalytic waves of organic compounds, for example, thiols-iodate, 9 disulfide compounds-iodate, 10 cystine-triphenylphosphine oxide (TPO)-dissolved oxygen, 11 lysozyme-iodate, 12 cinnamic acid-tetrabutylammonium bromide-H2O2, 13 medroprogesterone-iodate, 14 etc., have also received very high sensitivity, and some analytical applications have appeared in the literature. In all of these cases, the reduction of a reducible group of reactants via an intermediate free radical is coupled with oxidation of the free radicals by an appropriate oxidant. However, there are fewer oxidants suitable for polarographic catalytic waves of organic compounds than those used for that of inorganic elements, because the electrode process of organic compounds is more complicate than that of inorganic elements. Up to now, only iodate, H2O2 and active oxygen species (including superoxide anion O2 -·) as oxidants have been involved. Undoubtedly, so long as the oxidant selected is favorable to quickly oxidizing the electrogenerated free radical of organic compounds, the polarographic catalytic waves can be used for improving the sensitivity of polarographic analysis of organic compounds or drugs. The present work has resulted in the development of a sensitive electrochemical method for the microdetermination of lomefloxacin in pharmaceutical preparations based on its polarographic catalytic wave in phosphate buffer (pH 6.6) in the presence of 2-iodoacetamide. 2-Iodoacetamide was first used as an oxidant for polarographic catalytic waves of organic compounds. The sensitivity of the proposed method is at least two orders in magnitudes higher than that of spectrophotometry, 1 spectrofluorometry, 2 FIA, 3 MEKC, 6 or ISE, 8 and is even comparable with that of SF. 5 In addition, the mechanism of the polarographic catalytic wave was briefly discussed.
Experimental

Apparatus and reagents
Polarographic In a 0.125 mol/L phosphate (pH 6.6)/2.5 × 10 -4 mol/L 2-iodoacetamide solution, lomefloxacin yields a response of a polarographic catalytic current. The second-order derivative peak current of the catalytic wave of lomefloxacin is proportional to its concentration in the range of 1.0 × 10 -8 -1.0 × 10 -6 mol/L (r = 0.998). The sensitivity of the catalytic wave is 25-times higher than that of the corresponding reduction wave for 5.0 × 10 -7 mol/L lomefloxacin. The proposed method was applied to the determination of lomefloxacin in pharmaceutical preparations. The polarographic reduction wave is ascribed to a one-electron reduction of the C=C bond of lomefloxacin zwitterion accompanied by an acid-base equilibrium. The catalytic wave should be caused by regeneration of the lomefloxacin molecule at electrode surface due to the one-electron reduction product being further oxidized by electroreductive intermediate products of 2-iodoacetamide.
(Received April 16, 2001; Accepted July 4, 2001)
with a three-electrode cell involving a dropping mercury working electrode, a saturated calomel reference electrode and a platinum wire counter electrode.
Lomefloxacin hydrochloride standard was purchased from the Nanjin Second Pharmaceutical Factory (China). mol/L 2-iodoacetamide solution was protected from room light during storage as well as the stock solution of lomefloxacin. All other chemicals were of analytical-reagent grade. Twicedistilled water was used throughout these experiments.
Procedures
A specific amount of lomefloxacin standard working solution or the prepared sample solution was added to phosphate buffer (pH 6.6) containing a 2-iodoacetamide solution. Further, the solution was diluted to 10 ml with water and mixed thoroughly. Finally, the potentials of the working electrode were cathodically scanned from -1.20 to -1.70 V (vs. SCE), and the second-order derivative peak current of the catalytic wave of lomefloxacin with peak potential -1.49 V was recorded. All experiments were carried out at room temperature.
Sample analysis
Sodium chloride, the additional component in injection, had no effect on the determination of lomefloxacin. Therefore, the lomefloxacin used in injection can be directly determined. A white powder in a capsule obtained from five pieces of the final granule was dissolved in an appropriate volume of 0.1 mol/L NaOH solution, and then the indissoluble contents were separated by filtration.
The filtrate was used for the determination of lomefloxacin in the capsule. The recovery experiments listed in Table 1 show that other components besides lomefloxacin in the filtrate had no effect on the determination of lomefloxacin in the capsule. The results given in Table 1 are in agreement with the labeled amounts.
Results and Discussion
Optimization of conditions Effect of pH. Various supporting electrolytes, such as HCl solution, phosphate buffer solution, acetate buffer solution, ammonium buffer solution and NaOH solution, were tested. The experimental results show that a single reduction wave of lomefloxacin was obtained between -1.20 --1.70 V in all of these cases, and that the peak current of the reduction wave in weakly acidic medium was more sensitive than that in a basic solution. When 2-iodoacetamide was present, the reduction current of lomefloxacin was improved sufficiently to produce a polarographic catalytic wave, and the catalytic current was the greatest in phosphate buffer at pH 6.6. Therefore, 0.125 mol/L phosphate buffer (pH 6.6) was selected as the supporting electrolyte. Effect of the 2-iodoacetamide concentration. The reduction peak of lomefloxacin was observed at -1.49 V and the peak current was small in 0.125 mol/L phosphate buffer (pH 6.6) without 2-iodoacetamide.
However, the peak current significantly increased with increasing the 2-iodoacetamide concentration up to 2.5 × 10 -4 mol/L. Under this condition, the peak current of the catalytic wave for 5 × 10 -7 mol/L lomefloxacin was 25-times higher than that of the corresponding reductive wave (Fig. 1) . When the concentration of 2-iodoacetamide was more than 2.5 × 10 -4 mol/L, its large reduction current influenced the measurement of the catalytic current of lomefloxacin.
Relationship between the peak current and the concentration of lomefloxation
In a 0.125 mol/L phosphate (pH 6.6)/2.5 × 10 -4 mol/L 2-iodoacetamide solution, the second-order derivative catalytic peak current (ip) of lomefloxacin showed a linear dependence on the lomefloxacin concentration (c) in the range between 1.0 × 10 -8 and 1.0 × 10 -6 mol/L according to ip = 0.018 + 0.011c, in which the units of ip and c are µA and 10 -8 mol/L, respectively. The linear-regression coefficient is 0.998 (Fig. 2) . However, the peak current changed little and at last became constant for the concentration of lomefloxacin >1.0 × 10 -6 mol/L.
Reduction process of lomefloxacin and catalytic action of 2-iodoacetamide
The synthetic fluoroquinoline antimicrobiols (involving norfloxacin, enoxacin, ciprofloxacin, ofloxacin, lomefloxacin, and so on) contain both one carboxylic acid group at the C-3 position and one basic nitrogen at position 4′ in the piperazinyl group. 15 Thus, the major species of these compounds that exist 1146 ANALYTICAL SCIENCES OCTOBER 2001, VOL. 17 in buffer solution would be different at different pH. The apparent macroscopic dissociation constants range from 5.46 to 6.30 for the carboxylic acid function, while the range of the apparent macroscopic dissociation constants for the protonated piperazinyl nitrogen function is 9.0 for all compounds, except those with a methyl substituent on the piperazinyl nitrogen with an approximate range of 7.8. 16, 17 Therefore, it is expected that a zwitterion of lomefloxacin was the major species in the phosphate buffer (pH 6.6). Figure 3 shows the changes in both the peak potential and the peak current of the reduction wave of lomefloxacin with pH. The plot representing the peak current versus pH shows an increase in the peak current with a maximum at pH 6.6, followed by a decrease until the wave almost disappears at pH 9.8. While, no shift of the peak potential is observed in the pH range 6.2 -7.4 followed by a shift toward more negative values with pH >7.4. These phenomena indicate that a proton-transfer process precedes the electron uptake, 18 in which an acid-base equilibrium is constituted, as reported for other quinolone antibiotics.
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As proposed for the protonation process of nalidixic acid, 20 which is the generatrix of fluoro-quinoline antibacterial drugs, the protonation of lomefloxacin should occur on its ethylenic bond between its C-2 and C-3.
The electroactive sites of the lomefloxacin molecule are both the ethylenic bond and the carbonyl group. For norfloxacin, the reduction of its ethylenic bond precedes that of the carbonyl group, in which case a free radical should be produced as an intermediate, followed by its dimerization or disproportionation. 18 Those results obtained by WarownaGrzeskiewicz et al. 19 indicated that the reduction of such quinolone antibiotics as ciprofloxacin, enoxacin, norfloxacin and pefloxacin, gave a one-electron waves, and that the process was related to an acid-base equilibrium. Similarly, the polarographic reduction wave of lomefloxacin molecule should also be formed by the one-electron uptake of the protonated ethylenic bond, and the reduction should lead to the production of a free radical intermediate.
On iodoacetamide produced multiple reduction waves in the potential range of -0.70 --1.0 V in the phosphate buffer (pH 6.6), which resulting from reduction of the carbon-iodine bond prior to that of the carbonyl group. 21 In this reduction process, some intermediate products of 2-iodoacetamide, such as I ·--CH2CONH2 and · CH2CONH2, are produced, 22, 23 at the electrode surface, which is similar to its photodegradation process. [24] [25] [26] [27] [28] [29] According to a thermodynamic possibility and experimental results, these intermediate products, rather than 2-iodoacetamide itself, can oxidize the one-electron reduction product free radical of lomefloxacin to reproduce the original molecule. Therefore, the reduction peak current of lomefloxacin is considerably enhanced. The reduction process of lomefloxacin and the catalytic process induced by 2-iodoacetamide intermediates can be proposed according to the reactions illustrated by the following scheme (Scheme 1), which agree with the experimental results concerning the catalytic wave of lomefloxacin.
